Introduction
Although several large healthy follicles are growing within the ovary at the time of luteal regression in monotocous species, only one usually matures Driancourt & Cahill, 1984) . This ovulatory or 'dominant' follicle has been identified in different species using different criteria, including increasing size (monkey: Clark et ai, 1979; cow: Dufour et ai, 1972; ewe: Driancourt & Cahill, 1984) , asymmetry in the pattern of secretion of oestradiol between the two ovaries (monkey: di Zerega et ai, 1981; ewe: England et ai, 1981) and its capacity to bind luteinizing hormone (LH) to the thecal and granulosa cells (monkey: Zeleznik et ai, 1981; ewe: Webb & England, 1982) . The emergence of this dominant follicle has been associated with a reduced ovulatory response to exogenous gonadotrophins (monkey: di Zerega & Hodgen, 1980; cow: Pierson & Ginther, 1988) , while its removal delays ovulation (monkey: Goodman et ai, 1977; cow: Matton et ai, 1981; ewe: Findlay & Cumming, 1977) .
The aim of the following experiments was to investigate whether the presence of the dominant follicle in Merino or Merino-cross ewes influenced other follicles directly or indirectly via secretion of compounds having a negative feedback action on follicle-stimulating hormone (FSH) secretion (Martin et ai, 1988) . The importance of an active mechanism was investigated by testing whether (i) the presence of a dominant follicle blunted the ovulatory response to pregnant mares' serum gonadotrophin (PMSG) (Exp. 1), (ii) the health of the largest follicle affected the ovulatory response to PMSG during the luteal phase (Exp. 2) and (iii) the influence of the dominant follicle on the morphological and functional characteristics of smaller follicles was greater on the ipsi¬ lateral ovary than in the contralateral ovary (Exp. 3); and by assessing the changes in cell division in follicles induced by co-culture with a large follicle (Exp. 4). Finally, the importance of a mechanism acting by controlling the release of FSH was investigated by supplying gonadotrophins when the ovulatory follicle was normally selected (Exp. 5).
Materials and Methods
Animal. All (Roberts, 1968) (Driancourt & Cahill 1984 Oldham & Lindsay (1980 (Webb et al, 1989) . In these ewes (6 and 5 Merino Scottish Blackface ovariectomized at 12 and 36 h after luteolysis, respect¬ ively), all the follicles > 2 mm in diameter were carefully dissected from both ovaries and incubated individually for 2h (2 1 h incubations) in 1 ml M199 plus 20mM Hepes at 37°C in 95% air and 5% C02 (Webb & England, 1982) .
The incubation medium was stored at -20°C prior to assay for oestradiol and testosterone. After incubation the follicles were fixed in Bouin Hollande's solution, sectioned at a thickness of 10 pm, stained and examined microscopi¬ cally. Because the oocyte was not always in the centre of the follicle, which could result in underestimation of follicle size and number of granulosa cells, these measurements were made in the histological section with the largest diameter and the results were calculated according to Pedersen (1970) and Gougeon (1981) . All follicles were assessed as healthy or atretic using 5 pycnotic bodies amongst the granulosa cells to define the beginning of atresia. The mitotic index was calculated as the ratio between the number of cells undergoing cell division and the number of granulosa cells in the section studied.
Concentrations of oestradiol and testosterone in the culture media were determined in duplicate using assays previously described . All samples were measured in single assays. The intra-assay coefficients of variation were 8-7% for oestradiol and 14-6% for testosterone. The minimum detectable values for oestradiol and testosterone were 6-3 and 25-5 pg/ml, respectively. Experiment 4: effect of co-culture of small or medium follicles with a dominant follicle. A possible effect of the dominant follicle on cell division of smaller follicles was also tested. The oestrous cycles of 14 ++ Booroola Merino ewes were synchronized by the insertion of vaginal sponges (Chronogest: Intervet, France) for 14 days; 24 h after sponge withdrawal, the ewes were ovariectomized, the small follicles (1-5-2-5 mm in diameter, the size at which mitotic index is still high according to Turnbull et al, 1977) and the large follicle (> 5 mm in diameter) were dissected. When several large follicles were dissected from a ewe, the one with the highest vascularization, assessed under a dissecting microscope, was selected. All small follicles were randomly assigned to four groups: control, 100 ng FSH/ml (CY 1746, activity = 38-2 FSH S,), large follicles (3 follicles > 5 mm in the culture well) and FSH + large follicles. Pools of small follicles corresponding to treatment groups were cultured for 4 h in 24-well plates (Corning) in 4 ml of Menezo medium devoid of thymine and supplemented with 5 pCi 3H thymidine/ml (CEA Saclay) at 37°C in 95% air and 5% C02.
At the end of the incubation, the follicles were fixed in Bouin Hollande's fixative devoid of mercuric chloride and sectioned at 5 pm thickness. After Feulgen staining, slides were prepared for autoradiography. After dipping in Uford 5 emulsion diluted 1/1 (v/v) with distilled water, they were air dried and exposed for 10 days at 4°C, then developed and counterstained with haematoxylin. For each healthy follicle, on its largest section, all labelled cells (i.e. with > 10 silver grains/cell) were counted. The number of granulosa cells in the section studied was obtained from antrum size, granulosa layer thickness and granulosa cell density. Large follicles were also checked for atresia using 5 pycnotic bodies to define the beginning of atresia. Different superscripts denote significant differences ( < 005).
Within-ewe comparisons showed no difference (P = 0-34) in the PMSG-induced ovulation rate between the ovary possessing a follicle >6mm in diameter at the time of PMSG administration and its counterpart.
Experiment 2
During the pretreatment period, the mean diameter of the largest follicle in Groups 1 and 2 on Day 4 was 51 ± 0-35 mm, while on Day 6 it was 7-3 + 0-23 mm. The mean growth rate of the largest follicle between Days 4 and 6 of the oestrous cycle (calculated for each individual follicle) was 0-9 + 0-2 mm/day. Most of the ink-labelled follicles were considered healthy on Day 6 as 83% had increased in diameter, while 11 % had remained the same.
The mean diameter of the largest follicle in Group 3 and 4 ewes was 7-3 ± 0-41 mm on Day 6, and then decreased in diameter at 0-4 + 01 mm/day to be 60 + 0-34mm in diameter on Day 9. Between Days 6 and 9, 72% of these follicles decreased in size while 6% remained the same, suggesting that by Day 9 most of these follicles were atretic or going atretic.
The (Table 3) . Thirty-six hours after luteolysis, there were only 0 and 0-57 healthy follicles per ewe on the ovaries ipsilateral and contralateral to the actual dominant follicles (6-1 mm and producing 2589 pg oestradiol/ml per h), precluding comparisons between ovaries (Table 3) . However, when the small follicles of the contralateral ovary were compared 12 and 36 h after luteolysis, the only parameter significantly reduced was the size of the healthy follicles (P = 002) ( 
Experiment 5
The mean ovulation rate of the 10 Booroola Merino ewes in the control cycle was 1-1 ± 003 and significantly increased (P < 0-01) after the administration of 500 iu of PMSG 24 h after luteo¬ lysis, to 2-4 + 0-3. The ovulation rate increased in 8 of 10 ewes. In contrast, a similar dose of PMSG had no effect on ovulation rate in Romanov (control cycle 3-78 + 0-28, treated cycle 3-22 + 0-40) and Finn ewes (control cycle 2-38 + 0-23, treated cycle 2-38 + 0-27).
Discussion
In ewes, the presence of the dominant follicle did not significantly affect the PMSG-induced ovulation rate or the parameters of morphological (size, atresia) and functional differentiation (steroidogenesis) within the ovary in vivo. This was demonstrated using between-ewe and withinewe comparisons. Furthermore, in vitro, no inhibitory effects of the dominant follicle on cell division were observed. Thus, using several criteria, a direct effect of the dominant follicle on the growth of the other follicles was not identified in sheep, suggesting that it is not of major import¬ ance in the control of ovulation rate in Merino ewes.
The between-ewe comparisons studied the ovulation rates induced by PMSG in the presence or absence of the dominant follicle at different stages of the oestrous cycle. During the follicular phase (Exp. 1) the ovulation rates resulting from a single injection of PMSG (1250 iu) at either 0, 6, 12, 24 or 36 h after luteolysis did not differ significantly. As PMSG has a limited ability to rescue atretic follicles in ewes (Driancourt et ai, 1987) , it is likely that ovulation rate measures recruitment of new follicles and not recovery of old ones from atresia. That PMSG was administered in the periods before and after selection of the dominant follicle is based on the following evidence. Firstly, McNatty et al. (1982) showed that a large (>5mm diameter) oestrogenic (secreting > 1 ng oestradiol/min) follicle appeared about 10 h after cloprostenol-induced luteolysis in Romney ewes. Secondly, ink labelling of follicles and following their progression during the follicular phase in Corriedale ewes, by Driancourt & Cahill (1984) , showed that the proportion of ewes in which the largest follicle was the ovulatory one increased from 0 at the time of luteolysis, 1/7 at 4 h, 1/7 at 8 h, 4/7 at 12 h and 4/7 at 24 h to 5/7 at 48 h after luteolysis. Thirdly, in Exp. 1, a lower proportion of ewes possessed a follicle > 6 mm in diameter at 0, 6 and 12 h following luteolysis than at 24 and 36 h and many of these were likely to be atretic (Driancourt & Cahill, 1984 (di Zeraga & Hodgen, 1980) and cows (Saumande et al, 1978; Pierson & Ginther, 1988; Grasso et ai, 1989) where the superovulatory response to exogenous gonadotrophins was lower in the presence of a large dominant follicle. This highlights species differences in the mechanisms controlling selection of the ovulatory follicles.
The results discussed so far are supported by the within-ewe comparisons, which assume that a substance or factor synthesized and released by the dominant follicle has a greater effect on the ipsilateral ovary than contralateral ovary, through simple diffusion principles. For Sirois & Fortune, 1988) .
Finally, we tried to mimic follicular dominance in vitro by assessing possible inhibitory effects of the dominant follicle on cell division of small follicles. Such regulations were suggested by the demonstration of inhibitors of cell division in ovine follicular fluid (Cahill et ai, 1985; Carson et ai, 1988) . We could not identify any direct effect of the dominant follicle on the smaller follicles after co-culture.
Using in-vivo and in-vitro techniques, we did not find any evidence to support the notion that overt dominance by the preovulatory follicle is significant in Merino ewes. This raises the question of other possible mechanisms involved in the selection of the ovulatory follicle. One possibility is the change in FSH concentrations which occurs in the mid-late follicular phase due to the secretion of oestradiol and/or inhibin from the largest healthy follicle (Martin et ai, 1988 (Webb & Gauld, 1985) and Romanov ewes (Driancourt et ai, 1988 ).
In conclusion, selection of the ovulatory follicle in Merino ewes contrasts with the situation in humans and cattle where compounds secreted by the dominant follicle and gonadotrophic stimu¬ lation appear to interact in the control of follicular selection. This may explain why it is much more difficult to manipulate ovarian function in cattle than in sheep. For example, both active and passive immunization against ovarian steroids lead to significant increases in ovulation rate in sheep (Scarramuzzi etai, 1977 ; Lander a/., 1982), but not in cattle (Sreenan et ai, 1987; Price et ai, 1987; Webb & Morris, 1988) .
